Abstract. Human phagocytes can be triggered to generate large quantities of long-lived nitrogen-chlorine derivatives. This class of oxidants can be detected as early as 5 min after the addition of phorbol myristate acetate or opsonized zymosan particles. Unlike all other oxygen metabolites known to be generated by phagocytes, the nitrogen-chlorine compounds can be readily detected in cell supernatants 90 min after stimulation. The generation of these oxidants is linear with neutrophil concentration, favored at alkaline pH, and inhibited by supraphysiologic concentrations of iodide or bromide. The oxidants are hydrophilic in nature and have a halflife ranging from 5 h at 370C to >100 h at 40C. Gel filtration chromatography of the accumulated nitrogenchlorine derivatives revealed that the oxidants generated by neutrophils or monocytes are a complex mixture of products whose Mr range from 150-5,000. One-half of the nitrogen chlorine derivatives migrate as a single peak with an Mr of -150. Amino acid analysis of this fraction identified the I-amino acid, taurine, as the single nitrogenous compound present. Neutrophils triggered in the presence of serum albumin accumulated increased amounts of the nitrogen-chlorine derivatives while continuing to generate their endogenous low M, oxidants.
Introduction
In vivo, immune-triggered phagocytes have the potential to generate and use a family of reactive oxygen metabolites to mediate a wide range of extracellular inflammatory effects (1) (2) (3) . Phagocyte-generated oxidants including superoxide (O2), hydrogen peroxide (H202), the hydroxyl radical (OH-), and hypohalous acids (HOX) have been implicated in the regulation of the activity of soluble inflammatory mediators and inflammatory cells (1, 2) , mutagenesis (4, 5) , and tissue injury or destruction (1) (2) (3) . Based on either their chemical reactivity or their rapid catabolism by host defense systems, oxygen metabolites have relatively short lifespans in complex biological systems (1) . Thus, these species are expected to mediate their direct oxidant effects over relatively short distances and not to accumulate at inflammatory foci.
Recently, we described the ability of triggered human neutrophils to release a chemically distinct class of oxidants that can be detected in the extracellular milieu after the other oxygen metabolites have disappeared (6) . Our preliminary studies indicated that these oxidants belong to a general family of nitrogen-chlorine (N-Cl) derivatives that are generated via the myeloperoxidase-mediated chlorination of a nitrogenous compound or set of compounds (N-compounds) (6) . Thus, H~~~~myeloperoxidase H202 + C1
H+ o HOC1 + H20 and
HOC1 + RR'NH -RRNC1 + H20. (2) by intact human phagocytes. In this study we have (a) examined the factors regulating N-Cl generation by human neutrophils; (b) assessed the physical characteristics of the accumulated oxidants; (c) demonstrated their heterogeneous composition; (d) identified the major endogenous N-chloro compound released; and (e) characterized the modulating effect of an exogenous serum protein on the formation of the long-lived oxidants.
Methods
Cell preparation. Neutrophils were obtained from the venous blood of volunteers and isolated by Ficoll-Hypaque density centrifugation followed by dextran sedimentation (7) . The preparations contained >96% neutrophils and 2-3% eosinophils. Cells were suspended in Dulbecco's phosphate buffered saline (M.A. Bioproducts, Walkersville, MD), pH 7.4, supplemented with 1 mg/ml glucose. Purified monocytes were obtained from the isolated mononuclear cell fraction by an adhesion step as previously described (7) . The preparations contained >95% monocytes and 1-5% lymphocytes, and viability assessed by trypan blue exclusion was >95%.
Gel filtered platelets were prepared from venous blood according to the method of Lages et al. (8) .
Assay conditions. Neutrophils or monocytes (2.5 X 106) were incubated in Dulbecco's buffer (pH 7.4, except as noted) in a final volume of 1 ml on a rocking platform for indicated periods at 370C.
Phagocytes were stimulated with phorbol myristate acetate (PMA)' (30 ng/ml; Consolidated Midland Corp., Brewster, NY) or opsonized zymosan particles (1.25 mg/ml; ICN Nutritional Biochemicals, Cleveland, OH) prepared as described (7).
Quantitation of endogenous N-Cl oxidants. At the end of the incubation period, bovine catalase (5 ,g/ml, 88,000 U/mg; Worthington Biochemical Corp., Freehold, NJ) was added, the cells were pelleted by centrifugation (1,250 g, 10 min), and the supernatants were assayed for endogenous oxidant activity. The concentration of oxidants was determined by the oxidation of 5-thio-2-nitrobenzoic acid (Nbs) (E412 nm = 1.36 X 104 M'cm-') to its colorless disulfide 5-5'-dithiobis(2-nitrobenzoic acid) (reference 6).
Quantitation of HOCI generation. The generation of HOCI by phagocytes was quantitated by the taurine trapping method as previously described, except that incubations were performed on a rocking platform (9, 10) . Ethyl acetate extraction of endogenous N-Cl derivatives. The supernatant from stimulated phagocytes was extracted with an equal volume of ethyl acetate according to the method described by Thomas (11) . The Nbs oxidation method was used to quantitate the amount of oxidant present in both the organic phase and the aqueous phase.
Fractionation of chlorinated oxidants by gel filtration chromatography. Neutrophils or monocytes (10-12.5 X I06/ml) were stimulated as described above, and the supernatants were analyzed by gel filtration chromatography (12) on either Sephadex G-10 or G-25 (fine; Pharmacia Fine Chemicals, Piscataway, NJ). In order to determine potential recoveries of N-Cl derivatives after gel filtration, a simple N-Cl compound (N-chlorotaurine, 100 ,uM) was analyzed. In preliminary experiments, it was determined that only 30-40% of the oxidizing 1. Abbreviations used in this paper: PMA, phorbol myristate acetate; Nbs, 5-thio-2-nitrobenzoic acid.
equivalents could be recovered after Sephadex G-10 chromatography. Washing of the column bed with a dilute solution of NaOCl (150 ,uM) resulted in >90% recovery of subsequently analyzed N-Cl-containing preparations. Sephadex G-25 required no pretreatment, as recoveries of oxidant activity were routinely >90%. In experiments that used Sephadex G-10 (1.6 X 36 cm column), supernatant (1.5 ml) was applied and eluted with phosphate-buffered saline (pH 7.4) at a flow rate of 1 ml/min at 4°C, and 1.5-ml fractions were assayed for oxidant activity as described. In experiments that used Sephadex G-25 (1.5 X 80 cm), supernatant (2.0 ml) was applied and eluted with phosphate-buffered saline (pH 7.4) at a flow rate of 0.8 ml/min at 4°C, and 2.5-ml were fraction volumes assayed. Molecular weights were determined after standardization of the columns with sodium azide (J. T MCi '6CI (as Na"Cl, 9.7 mCi/g Cl; ICN Chemical and Radioisotope Div., Irvine, CA) had been substituted for the equivalent amount of unlabeled NaCl. A 1.5-ml sample of supernatant was then applied to a Sephadex G-25 column and eluted as described above. The 2.5-ml fractions were analyzed for radioactivity by liquid scintillation counting and for oxidant activity as described.
All results are expressed as the mean±1 SD of the indicated number of experiments.
Results
The generation ofN-chloro compounds by human neutrophils. The time course of N-Cl generation by stimulated neutrophils (2.5 X 106/ml) is shown in Fig. 1 A. These long-lived oxidants could be detected in supernatants as early as 5 min after cells were triggered with either PMA or zymosan. The amount of oxidant activity detected reached a maximum at 60 min for both stimuli (27.8±3.2 nmol, n = 6 for PMA vs. 21.3±2.1 nmol, n = 6 for zymosan), and then showed a gradual decrease (Fig. 1 A) . As expected, a similar time-dependent increase in the ultraviolet absorption maximum at 252 nm characteristic of N-Cl derivatives was observed ( Fig. 1 A, aql B) . N-Cl generation by PMA-or zymosan-triggered neutrophils increased linearly with cell concentration, with yields >100 ,uM generated by 15 X 106 neutrophils/ml (data not shown). Resting cells did not generate detectable quantities of the N-Cl compounds.
The oxidizing equivalents of HOC1 can be consumed in oxidation reactions or conserved in the formation of N-Cl derivatives (12) (13) (14) . In order to quantitate the yield of N-Cl compounds relative to the amount of HOC1 generated, the total chlorinating potential of the neutrophil was assessed (9) . As shown in Fig. 1 C, generated HOC] with kinetics similar to those observed for N-Cl generation but in greater quantities. Under conditions identical to those described for peak N-Cl generation by 2.5 X 106 cells (i.e., 60 min incubation, pH 7.4), 173.0±18.5 nmol (n = 4) of ROCl was trapped with PMA-stimulated cells, and 225.0±12.5 nmol (n = 4) was trapped with zymosan-triggered neutrophils. Thus, triggered neutrophils use -10-15% of the total amount of HOCl detected in our system to generate the N-Cl derivatives.
Quantitation of N-Cl compounds generated by neutrophils was routinely performed at pH 7.4, but an examination of oxidant formation as a function of pH revealed that the yields of the oxidants were consistently higher at more alkaline pH's ( Fig. 2 A) . Peak values for either stimulus were obtained at a pH of 8.0.
Although Cl-is probably the preferred substrate for the myeloperoxidase system in vivo, both I-and Br-can also be oxidized by the enzyme (1, 2). As shown in Fig. 2 Do platelets play a role in the generation ofN-Cl derivatives by neutrophils? Routine preparations of neutrophils obtained after a successive Ficoll-Hypaque density centrifugation and dextran sedimentation contained -1 platelet/20 neutrophils. If neutrophils were prepared from defibrinated blood (initial platelet counts reduced from 240.3±59.0 X 103/mm3 to 0.6±0.5 X 103/mm3, n = 3) the platelet contamination fell to <1 platelet/ 100 neutrophils without significantly reducing N-Cl formation. In three paired experiments, neutrophils prepared from whole blood generated 27.2±1.1 nmol of N-C derivatives when triggered with PMA and 21.0±2.7 nmol with zymosan, whereas neutrophils prepared from defibrinated blood produced 25 .4±0.6 and 18.4±2.6 nmol, respectively. Thus, the neutrophil is the source of both the nitrogenous compound(s) and the HOCl required for the generation of the N-Cl derivatives.
Although contaminating platelets do not appear to be necessary in the formation of N-Cl derivatives in our system, they may represent an exogenous source of nitrogenous compounds at inflammatory sites. However, the addition of gelfiltered platelets had no effect on oxidant generation at a platelet/neutrophil ratio of 1:1, modestly increased N-Cl formation at a 10:1 ratio (from 25.3±4.6 to 37.1±2.1 nmol for PMA-stimulated cells and from 14.2±3.2 to 16.2±9.4 nmol for zymosan-triggered neutrophils; n = 3), and almost completely inhibited oxidant generation or accumulation at a 100:1 ratio. Thus, platelets do not play a direct or accessory role in the generation of endogenous N-Cl derivatives by triggered neutrophils in our system.
Properties of endogenous N-Cl compounds generated by neutrophils: hydrophilicity and stability. Depending on the characteristics of the available nitrogenous compounds, the neutrophil could generate either hydrophilic or lipophilic N-Cl derivatives. In order to determine the lipid solubility of the oxidants generated in our system, N-Cl containing supernatants from triggered cells (2.5 X 106/ml, 90 min incubation) were extracted with ethyl acetate, and the partitioning of the oxidizing equivalents between the aqueous and organic phases was assessed. As controls, a highly polar N-chloroamine, Nchlorotaurine, and a relatively lipophilic oxidant NH2Cl (15), were extracted under identical conditions. Under these conditions, -90% of the oxidant activity found in the neutrophils' supernatant was recovered in the aqueous phase, whereas no oxidants were detected in the organic phase. Extractions performed with the control chloroamines revealed that 90% of the N-chlorotaurine activity could be recovered in the aqueous phase and none could be detected in the organic phase, whereas 62% of the oxidizing equivalents associated with NH2Cl were extracted into the organic phase and 36% remained or zymosan (---) as de- The hydrophilic characteristics of the cell-generated N-Cl compounds will allow them to accumulate in the extracellular space, but their lifespan will also be dictated by their intrinsic stability. N-Cl derivatives are known to vary widely in their stability depending on the characteristics of the nitrogen containing moiety (13, 16, 17) . When the loss of oxidizing equivalents in the cell-free supernatants was monitored as a function of time at 4, 25, and 370C, the rate followed apparent first order kinetics (Fig. 3) . The calculated half-lives for the endogenous N-Cl derivatives generated by PMA-or zymosantriggered cells were remarkably similar and ranged from 5.0±0.7 and 5.5±1.0 h (n = 5) at 370C to 1 16.4±31.4 and 157.0±51.4 h, respectively, at 4VC. It should be stressed that these values represent apparent half-lives, because the N-Cl compounds could disappear not only as a result of their intrinsic instability but also by their reaction with reducing equivalents released from the triggered neutrophils. Indeed, the loss in oxidizing lo90 activity was more rapid when the N-Cl-containing supernatants were not separated from the neutrophils. For example, the half-life of PMA-generated N-CI compounds at 370C decreased from -5.0 h in the cell-free supernatant to 1.9±0.7 h in the complete mixture (n = 4) and from -116 to 27.6±8.8 h (n = 3) at 4VC. Nonetheless, the N-Cl compounds could be detected in these complex mixtures far longer than predicted for any of the other oxygen metabolites known to be generated by neutrophils.
Neutrophils and monocytes generate a complex mixture of endogenous N-Cl derivatives. The HOCI generated by triggered phagocytes has the potential to react with a wide range of endogenous nitrogenous compounds to form N-Cl derivatives (14, 17) . To determine whether the N-Cl compounds detected in our system represent a single or multiple species, the oxidant-containing supernatants were fractionated by Sephadex G-10 gel filtration chromatography (Fig. 4 A) . In 10 experiments with PMA-triggered cells, 55.2±3.3% of the applied oxidizing activity was recovered in a low Mr peak of -150, and 27.0±3.8% was recovered in a peak that eluted at the void volume (M, -700).2 When supernatants from zymosan-triggered cells were fractionated, almost identical elution patterns were obtained (see Fig. 4 A; 54.4±1.1% activity in low M, peak of -150 and 28.0±2.6% in the void volume; n = 4).
Chromatography of the triggered cells' supernatants on a Sephadex G-25 column again revealed the -150 Mr peak, but the single peak that eluted at the void volume on the G-10 column clearly contained a complex mixture of N-Cl compounds ranging in Mr from -400-5,000 (Fig. 4B) . Thus, either PMA-or zymosan-stimulated neutrophils generate a similar but heterogeneous group of N-Cl derivatives that range in M, from -150 to 5,000.
2. Note that the exceptionally high stability of the endogenous N-Cl compounds at 40C (t,,2 > 100 h) allowed for the recovery of 94-100% of the total oxidizing activity applied to the column. We have recently demonstrated that triggered human monocytes can generate substantial quantities of HOCI (10) . Thus, these cells might also have the potential to generate endogenous N-Cl compounds. Indeed, 2.5 X 106 PMA-stimulated monocytes generated 19 .3±2.1 (n = 6) nmol of the N-Cl derivatives, which eluted in a fashion identical to that observed with the neutrophils on Sephadex G-25 (data not shown).
Identification of the low Mr N-chloroamine generated by neutrophils. The elution of a large fraction of the oxidant activity as a single, low M, peak after gel filtration chromatography suggested that the nitrogenous compound(s) present in this fraction might be identified by amino acid analysis. In order to reduce the N-chloroamine(s) present in this fraction back to the parent amine(s) for analysis, the oxidant was first treated with an excess of methionine. Based on the ability of N-Cl derivatives to react with thioethers in a 1:1 stoichiometry (6, 14), amino acid analysis should reveal (in the simplest case) the formation of an equimolar amount of methionine sulfoxide along with the parent amine. Thus, Neutrophils (10') were stimulated with PMA (30 ng/ml) (-) or zymosan (1.25 ng/ml) (---) in a final volume of 0.8 ml for 90 min. Catalase (1,000 U) was added, several preparations were pooled, and the supernatants were analyzed by gel filtration chromatography at 40C on a column of Sephadex G-10 (A) or G-25 (B). In the experiments portrayed, the recovery of N-Cl derivatives in the eluted fractions was -94% of that applied to the column. Results are expressed as single representative experiments of 10 performed with PMA-stimulated cells and 4 performed with zymosan-treated cells.
In four experiments, amino acid analysis revealed that (a) the addition of methionine to the major fraction of the low Mr N-chloroamine peak led to the formation of an almost equimolar amount of the sulfoxide (N-chloroamine/methionine sulfoxide = 0.9:1); and (b) the ,8-amino acid, taurine, was the only endogenous amine detectable in this fraction (Table I) . Fractions analyzed from resting cell supernatants that coeluted with the peak fractions obtained from stimulated cells were devoid of oxidant activity, did not oxidize methionine to its sulfoxide, and contained only small amounts of taurine (2.8±1.0 nmol; n = 3).
Modulation ofN-Cl derivatives generated by neutrophils in the presence ofalbumin. Neutrophils stimulated in vivo would be expected to release HOCI into a complex environment containing a multiplicity of oxidizable substrates. These exogenous substrates might effectively compete with neutrophilderived N-compounds for HOCI and lower the concentration of N-Cl derivatives found in the extracellular fluid. Hence, we examined the influence of human albumin, the plasma protein present in the highest concentration in vivo, on N-Cl generation by the neutrophil. When neutrophils (0I/ml) were stimulated with PMA or zymosan in the presence of 500 ltg/ml albumin for 90 min, N-Cl generation increased 30.9±8.4 (n = 4) and 18.9±5.5% (n = 3), respectively. Gel filtration chromatography of the albumin-containing supernatant clearly demonstrated . In order to rule out the possibility that the endogenous N-Cl compounds generated by the neutrophil bound to albumin and then eluted at the void volume, oxidants were generated by PMA-stimulated cells in the absence of albumin, the supernatant was removed, and albumin (500 ,sg/ml) was then added. Gel-filtration of the N-Cl/albumin mixture did not reveal a change in the elution profiles of the oxidants (data not shown). Thus, the addition of a large Mr plasma protein resulted in an actual increase in the N-Cl content of cell supernatants and the formation of a new chlorinated oxidant. The retention of oxidizing equivalents in the albumin molecule suggests that chlorination of amine or amide moieties has taken place. However, HOCI can also react with aromatic or aliphatic functions to yield "silent" C-Cl derivatives that do not act as oxidizing agents (12, 13, 18) . In order to assess the degree to which neutrophil-mediated chlorination represents N-Cl vs. C-Cl formation, the net incorporation of 36C1 into the albumin molecule was quantitated, and the distribution of chlorinated products was determined. Compounds known to reduce N-Cl derivatives should release bound 'Cl as 36C1-(see Eq. 3), whereas C-Cl derivatives remain unreactive. PMAstimulated neutrophils were incubated with 500 ,tg of albumin in a Na Cl-containing buffer as described in Methods. Supernatants were then chromatographed on Sephadex G-25, and the oxidant activity and 36C1 content were determined in each fraction. As shown in Fig. 6 , the incorporation of 36C into the albumin peak could readily be demonstrated, with 20. ELUTION VOLUME (ml) Figure 5 . Modulation of N-Cl derivatives generated by neutrophils in the presence of albumin. Neutrophils (10'/0.8 ml) were stimulated with PMA in either the absence ( ) or the presence of 500 ,g/ml fatty acid-free human serum albumin ---) and incubated as described in Fig. 4 . Supernatants were collected and analyzed on Sephadex G-25 as described. N-Cl recoveries in the eluted fractions were 100% for both experiments illustrated. Results are expressed as a single representative experiment of three performed. Figure 6 . "6C1 incorporation into albumin and endogenous amines by stimulated neutrophils. Neutrophils (10') were stimulated with PMA in I ml of Dulbecco's phosphate-buffered saline in which 15.6 MCi of 16C1 as Na36CI was substituted for an equivalent amount of unlabeled NaCI. Cells were incubated as described in Fig. 4 . Untreated supernatants from triggered neutrophils were chromatographed on Sephadex G-25 as described in Fig. 4 and fractions were analyzed for oxidant activity (-) and 3Cl incorporation (---). In addition, supernatants that had been reduced with an excess of methionine ( *) or supernatants from cells stimulated in the presence of I mM azide --) were chromatographed and analyzed for 3Cl incorporation.
These supernatants contained no detectable oxidant activity as assessed by the Nbs assay. Results are expressed as a single representative experiment of two performed. cpm or 83 nmol eluting at the void volume.3 As expected, the incorporation of 0Cl into the albumin molecule was completely inhibited by 1 mM azide (Fig. 6) . If neutrophils were triggered in the absence of albumin, only 18 nmol of 'Cl eluted at the void volume. The chlorinated albumin molecule oxidized 84.0 nmol of Nbs, corresponding to the presence of 42.0 nmol of N-Cl derivatives. In close agreement, treatment with methionine resulted in the complete loss of detectable oxidizing activity and the release of 51.5 nmol of 36C1. As shown in Fig. 6 , the remainder of the incorporated 0Cl, representing the C-Cl fraction, eluted at the void volume of the Sephadex column.
In two experiments, 62.1 and 64.3% of the HOCl was incorporated into the N-Cl pool, and 37.9 and 35.7% formed C-Cl derivatives. Thus, neutrophils chlorinated albumin with -60% of the HOC1 ultimately distributed into the N-Cl pool, and the remainder was lost in the formation of C-Cl derivatives. Maximal accumulation of the N-Cl compounds was favored at an alkaline pH and by the presence of chloride as the donor halide. These requirements occur despite the acid pH optimum of the myeloperoxidase system and its ability to use bromide or iodide as oxidizable substrates (1, 2) . Nonetheless, the myeloperoxidase system can function under alkaline conditions (23) and the higher pH favors both H202 generation (24) and the requirement that the nitrogenous substrate be chlorinated in its deprotonated form (12, 25) . The inhibitory effect of supraphysiologic concentrations of iodide or bromide reflects either the instability of the corresponding haloamines (i.e., iodoamines or bromoamines) in a cell system or the ability of these halides to reduce directly N-Cl compounds (9, 13, 26) . Taken together, the neutrophils' capacity to generate chlorinated oxidants at physiologic pH and halide concentrations underlines the in vivo potential for N-Cl production.
Our studies on the physicochemical characteristics of the endogenous N-Cl compounds revealed that they are hydrophilic, long lived, and heterogeneous in composition. The hydrophilicity of the detected N-Cl compounds is a prerequisite for their longevity because lipophilic oxidants would react directly with intramembranous compounds or diffuse into the cytosolic space (15, 27 HOCl + H2NCH2CH2SO3 -ClNHCH2CH2SO3 + H20. (4) Taurine has the highest concentration among the free amino acids found in human leukocytes (-14 nmol/106 polymorphonuclear leukocytes), but its intracellular distribution and site of chlorination are currently unknown (28).
Neutrophils generate N-Cl compounds in the absence of exogenous substrates, but our data indicate that phagocytes continue to generate endogenous chloroamines even in the presence of an extracellular, oxidizable protein. Radiochromatography revealed that the increased yield of long-lived oxidants detected in the neutrophil-albumin mixtures was due to the chlorination of appropriate acceptors in the protein molecule via HOCI or endogenous N-Cl compounds (13, 17, 18, 29, 31) . Although we assume that the albumin-associated oxidants are N-Cl derivatives (e.g., chlorinated e-amino groups, imidazolium, guanidium, indole residues, or amide moieties; 13, 18, 29) , sulfenyl chloride derivatives (RSCl) also retain two oxidizing equivalents (12, 30) . However, these species rapidly hydrolyze under alkaline conditions, lose their oxidizing activity, and yield the corresponding sulfenic acids (12, 30) . Finally, chlorination reactions were not limited to nitrogen-or sulfurcontaining compounds because a portion of the incorporated halide was not released by reducing agents, indicating the formation of C-Cl bonds (26) . Thus, the albumin molecule is subjected to dual chlorination reactions, resulting in either the retention or the loss of oxidizing equivalents, depending on the targeted molecules. During the inflammatory process serum proteins may act as innocent bystanders and undergo HOCldependent alterations in structure and function or participate directly by providing additional substrates for N-Cl formation.
In conclusion, neutrophils can generate at least three groups of long-lived oxidants: endogenous N-chlorotaurine, endogenous high Mr N-Cl compounds, and exogenous N-Cl products derived from extracellular substrates. These species are reactive enough to oxidize sulfhydryls to disulfides or thioethers to sulfoxides (6, 15, 20) , mediate chlorination reactions (17, 31) , and catalyze the incorporation of amines into proteins (32, 33) . It is clear that a variety of bioactive amines, peptides, proteins, and arachidonate metabolites containing critical, oxidizable moieties are susceptible to N-Cl mediated attack (1, 2) . Indeed, in a recent report we demonstrated that the endogenous N-Cl compounds released from triggered neutrophils could inactivate the chemotactic factor N-formylmethionyl-leucyl-phenylalanine or the plasma antiproteinase, a-1-proteinase inhibitor (6) . In addition to their reactivity, the sequestration of the hydrophilic, long-lived oxidants to extracellular sites provides them with the unique potential to either accumulate or diffuse far from their site of generation. It is 1347 significant that evidence already exists demonstrating the ability of N-Cl compounds to traverse large distances in vivo to oxidize susceptible targets. Abrams et al. have shown that the oral administration of a synthetic N-Cl compound (chloramine T) to dogs almost completely depleted their plasma pool of a-l-proteinase inhibitor without exerting overt toxicity (34) . The N-Cl derivatives generated by phagocytes have a similar reactivity and stability, which reinforces their potential impact in vivo. Thus, by preserving the oxidizing equivalents present in HOC1 as a complex spectrum of N-chloro derivatives, the phagocyte can broaden and extend the effects of the H202-myeloperoxidase-chloride system far beyond the confines of the inflammatory site and the termination of the respiratory burst.
